THE RHYTHMICAL MOVEMENTS OK LITORIXA 
LITOREA SYNCHROXOCS WITH OCEAN TIDES. 1 


J. D. HA-KMAX. 

I NTR< )I)l ( I ION. 

Through the kindness of Dr. Sumner, the writer was given an 
opportunity to work in the laboratory of the Bureau of Fisheries 
at Woods Hole, Mass., during the summer of ipoj. lie D in¬ 
debted to Dr. Sumner for many valuable -nggo-tion-. 

The purpose of the present paper i- to -how that the move¬ 
ments of Litoriua li'orcu, whirh are synchronous with ocean 
tides, are not due, directly, to either geotropbm or phototaxi- 
but to the action of the film of water on the more or less exposed 
snails. In arming at this conclu-ion many experiments were 
performed not only in the laboratory but also under natural 
conditions. In addition, the exait habitats of three species ol 
Litoriua were studied in detail. Such ob-er\ations are necessary 
when tin* natural o-eilldtion- of Litoriua , which correspond to 
the rise and the full of the t it It*-, are to be considered. 

Eastlx the writer will attempt to -how that Litoriua litorra 
does not retain a rhxtlim, which i- nchronotis with the tide-, 
either in (piiet aquaria or in nature when the ellects of films of 
water ha\ e been remoxcd bx keeping the snails permanently 
submerged. 

I. Tin*: 11 \iu r \r <a- Litoriua. 

(a) Individuals of Litoriua rtulis are a- a rule found on rocks 
which lie between the tidal marks, but occasionally an individual 
occurs on rock wceils and exeti on the muddy shore. This 
species was abundant everywhere in the region of Woods Hole, 
excepting in ('.rape and Tashmo ponds, both of w hich are brackish. 

(l>) Indixnitidis of Litoriua palliata lixe as a rule on rock weeds 
which grow between the tidal marks. This species was not en¬ 
countered at Xob-ku Point or in Grape, Lagoon and Tashmo 

1 Tin* final preparation of this paper ha- hern delayed on account of the writer’s 
long trip in South America for the Carnegie Museum. Only the more important 
results are slated and many of the detail- have been omitted. 
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ponds. It is always more abundant along protected coasts and 
hence its absence from Xobska Point, which is exposed to the 
open sea. was to be expected. 

(r) Individuals of Litorina litorca (said to have been imported 
to the American coast from Europe) usually live on rocky surfaces 
which lie between the high-tide mark and one foot below the low- 
tide mark. The species was not found in Tashmo Pond but a 
few Noting individuals were seen in Grape Pond living on trans¬ 
planted oysters. This observation, taken in connection with 
others described below, indicates that the absence of Litorina from 
these brackish ponds was not due, directly, to the lower specific 
gravity that exists there. 

In order to explain the restricted distribution of Litorina the 
following observations and experiments were made: 

A. Food. — Litorina palliata is nearly always found on two 
common species of rock weeds, and its supply of food is doubt¬ 
less associated with these plants, while Litorina rudis and 
litorca eat small green alga? which grow more abundantly on 
the rocks which are situated between the tidal marks. 

When individuals of Litorina litorca were placed in shallow 
aquaria, which contained rocks from the sea shore, from Lagoon 
Pond or from the street and contained also pieces of glass and fish 
they came to nest for the most part on the rocks taken from 
normal sea water. The snails, which were taken from the 
entrance to Lagoon Pond with their accompanying rocks, also 
settled on the sea rocks. 

lb Salinity. When individuals of Litorina litorca were placed 
in a mixture of equal parts of fresh and sea water, they were 
able to crawl about; but when they were placed into a mix¬ 
ture of two parts fresh and one part sea water, all died within 
eight days. When they were placed in sea water, to which as 
much as fourteen grams of sun evaporated sea salt had been 
added to each 800 c.c. of sea water, all died within eight days. 
The specific gravity of the various test solutions indicated that 
Litorina could live in water which has a lower specific gravity 
than was observed in Grape and Tashmo ponds. 

G. Temperature. The variation in the temperature along the 
coast did not appear to affect the distribution of Litorina. Snails 
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were .subjected to much greater changes of temperature than 
occur along the coast and no observable effects were detected. 

D. Pressure .— Several individuals of Litorina litorea were sub¬ 
merged in cages, which contained sea shore rocks, to a depth of 
8, iS and 30 feet of water. Two weeks later the snails appeared 
to be perfectly normal. 

E. Aeration. Litorina litorea is very seiisitix e to slight changes 
in aeration and consequently it is very difficult to arrange the 
condition in an aquarium so that they behave normally. 

E. Xo direct effects of light on the distribution of Litorina 
could be detected either by experiment or direct observations 
made in nature. 

('«. IIfnr.v. W hen individuals of Litorina litorea are violently 
splashed b\ waxes, the\ become quiescent. 

II. Charm ter of the Si r'mr IndixiduaUof Litorina litorea are 
rareh Initial on either sand or mini, due in part to the absence 
of lood in such places and in part to the difficulty encountered in 
crawling oxer sin h surfaces. This is especially true when tin- 
waxes eoiistantlx change the position of the same and hence 
tumble the snails about at random. 

I. Moisture. Litorina htonu does not craw 1 on dr\ surfaces. 

II. Ka< inks xx 11 1 < it Deii kxiim mi Mnxi xn-.vis or Litorina. 

It appears ex idem from the preceding data that the charac¬ 
ter of the surface, moisture and food are the chief factors xxhich 
determine the litoral distribution of these snails. Hut as I hope 
to demonstrate in the following pages these three factors pro¬ 
duce random moxements of the snails and should not be con¬ 
founded xx ith the factors xx hit'll direct ly pr«>duce rliythmical mox e- 
ments corresponding to the rise and fall of the tides. 

The folloxving experiments and ob^erx*ati< ms xx ill, 1 t hink, deter¬ 
mine xx hat tin- “directixe force" of rlnthmical moxements is. 1 

1. The snails xxhich are located on llat horizontal surfaces 
betxveen the tidal marks do not shoxv rlnthmical moxements 
xxhich correspond to those of the tide. lhe snails xxhich are 
located or placed beloxx’ the loxv-tide mark on either a vertical 
or a horizontal surface do not show rhythmical moxements. 

1 TI»e majority ol the experiments are easily performed along the seashore by 
marking the snails and the nodes. 
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But the snails which are located on any more or less vertical 
surface between the tidal marks do exhibit rhythmical movements 
which correspond to those of the tides. 

2. When a stone, which has snails crawling on a flat surface 
below the low-tide mark, is raised and lowered in the sea, the 
snails do not show rhythmical movements which correspond with 
those of the stone, i. e ., their movements were not directive. 
The same results arc obtained when, with the flat surface hori¬ 
zontal, the stone is raised out of and lowered into the sea. But 
when, with the surface vertical, the stone is raised out of and 
lowered into the sea, the snails at once showed rhythmical move¬ 
ments which correspond to those of the stone. These same snails 
were known (from observations made on snails placed between 
the tidal marks and below the low-tide mark) to have shown in 
some cases and not to have shown in other cases rhythmical 
movements during several days previous to the experiments. 
Therefore any alleged retained rhythm lias nothing to do with 
the above results. 

Even more interesting is the fact that when, with a vertical 
surface, a stone, upon which snails were crawling at random, was 
raised out of the sea, the snails always followed the vanishing 
film of water even when the vertical surface was rotated through 
an angle of i8o°. In this case the rotation of the vertical surface 
would reverse the direction of motion of the film of water and 
the snails would at once turn around and follow it. But if most 
of the water was previously removed from the surface of the 
stone, in order that the film might entirely disappear before the 
snails (which ‘were crawling downward in the direction o! the 
vanishing film) had reached the lower surface, and if, as the 
film was drying up, the vertical surface was rotated through 
an angle of l8o°, the snails continued to crawl for some time 
in the direction in which they had started. In other words, 
the snails crawled upward instead of downward. They con¬ 
tinued to crawl thus until the rough surface, food and moisture 
either deflected or stopped their movements. In the above ex¬ 
periment, the mere turning of the moist but filmless surtace 
through an angle of i8o° does not seem adequate to reverse at 
once the reaction to gravity and light, if either of these have a 
direct influence on the rhythmical movements of Litorina. 
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3. When the exes of Litorina lilorca are destroyed, they still 
show rhythmical movements, on vertical surfaces between the 
tidal marks. Individuals of Litorina litorcu also oscillate with 
the tides during: dark nights. 

4. During the months of July and August, the writer could 
not detect any relative change in the position of snails on large 
boulders. If phototaxis is an important factor, a marked change 
would be expected because the daily lagging of the tides as well 
as the diurnal and monthly change- of the relative solar position 
of the earth, constantly change the relative angle of the rays 
of light. 

5. When it rain- on expo-ed snails, they become quiescent 
ju-t a- they do w hen -pla-hed bx the water. Therefore during 
stormy a- compared with fair day-, a con-idcrable dillerence in 
the amount of oscillation- of Litorina lilorca wa- noted. 

(). Submerged snail* could be onlx -lighth or not at all directed 
by currents of water. The currents were produced artificially 
and also by mo\ ing -tone- with -nail- through the water. 1 lence 
the beha\ior of Litorina on \crtical -urlaee between the tidal 
marks i- not of a rheotropic nature. 

7. When indi\idual- are left high and drx on \ertical -iirfnce- 
during low tide, thex come to re-t “directed upward.” i. c., 
with their head end toward the -kx . This i- true for all sides 
of the stone- and i- ob\ iou-lv due to the -liape ol the aperture 
of the shell- which makes it far ea-ier lor expo-ed indix iduals 
to cling thu- to \ertic.d stirlaces. 

S. Indixidunl- of Litorina lilorca are on an average found 
slightly higher on the north side of large boulders than on the 
south side. 1 hi- appear- to be due to greater moisture and a 
higher grow th ol both alga* and barnacles ox er which snail-craw l 
w ith difficulty. 

o. Some bottles partly tilled with xvater and air pins hydrogen 
and others partly filled with carbon dioxid xvere used to test 
the effect of crawling out of the xvater into a gaseous medium and 
vice versa. No differences xvere detected from that of crawling 
out of water into the atmo-pherc unless so much hydrogen and 
carbon dioxid were used that the snails were asphyxiated. 

to. Thin films of olive oil and kerosene Were placed on xvater 
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in ac]Liaria to test the effect of surface tension. Under these 
conditions the snails had considerable difficult}' in breaking the 
surface film and always hesitated at the surface pushing them¬ 
selves to the right and to the left until their bodies were elevated 
sufficiently to break the surface tension. Their behavior under 
the above condition showed that the hesitation on entering and 
leaving the surface was due to the surface film and not to photo¬ 
taxis, hydrotaxis or chemotaxis. 

11. When individuals of Litorina litorca , rudis and palliate 
were placed in a small round aquarium equal areas of which were 
painted brown, yellow and dark olive, they as a rule came to 
rest on the dark olive sector, rarely stopped on the brown sector 
and still more rarely on the yellow sector. When the same 
snails were placed in a similar unpainted aquarium before a 
window , about one half of them came to rest on the lighter side 
and half on the darker side. The position of the aquaria were 
interchanged and the same results were obtained. Various 
shading experiments were tried and neither positive or negative 
phototaxis could be detected. In nature one sees snails craw ling 
at random from lighter areas into shaded areas and vice 
versa. 

The writer was unable to delect why the snails stopped on 
the dark olive sector, but inasmuch as such conditions are not 
met on vertical surfaces of stones between the tidal mark, the 
results appear to have nothing to do with the rhythmical move¬ 
ments of Litorina. 

12. Many snails were placed in quiet aquaria and aquaria in 
which running water was kept at a constant level and they never 
exhibited any signs of oscillations w hich corresponded to those 
of the tides. In these experiments, snails which were known to 
have been previously oscillating with the tides were used. I 
also placed snails, which had been oscillating with the tides, 
on vortical surfaces below' the low' tide mark and an average of 
many counts did not show rhythmical movements which corre¬ 
sponded to those of the tides. 1 ()nlv when the snails are touched 
by the surface film of water are directive movements (ailed 
forth. 

1 Mnr»«* \va< reo nth obmim-il a similar result. 
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Discussion. 

Mitsukuri (’oi) found that the roughness of the surface scatters 
the snails and that they never crawl on dry surfaces. He also 
stated that Litorina exigita hesitated on entering the water and 
concluded that their oscillations with the tides were due to photo¬ 
taxis. In this connection the writer found that the snails 
hesitated as much on leaving the water as they did on entering it. 
I his fact, taken in connection with several of my experiments 
and especially those on surface tension, show that the observed 
hesitation was due to the effect of the surface-film of water and 
not to phototaxis. 

Bohn (’o,S) also concludes that phototaxis is the important 
factor which determines the oscillatory movements of Litorina. 
lie states that Litorina rmlis , obtusata and litorcu have for all 
their li\es been desiccated again and again, and when placed in 
quiet aquaria, all three species retained a period of rhythm 
synchronous with the tides and lasting from thirteen hours to 
lour'teen day's. M\ observati<>ns show that Litorina litorca does 
not have such an established rhvthm. 

'The behavior of Litorina in experiment 2 is sufficient to show 
that the “directive force" in their rhvthmical movements 
s\ nehrouoiis with tin tides is tin* film of waiter and not phototaxis. 
Also the fact, that onlv snail* on vertical surfaces between the 
t id a I m. irks have om ilia lor v niov emeitls, shows t Ii.it t he directiv e 
force is not photoiaxis because main snails on ll.tt horizontal 
surfaces could crawl to the edge of the surface and descend to 
the base of the stone. Kspeciully the observations made during 
dark nights .is well as mauv other experiments* already cited 
indicate that Bohn s view is unit liable. 

('* >\( u sl< l\ . 

In conclusion, then, it appears that submerged individuals of 
Litorina litorca crawl about on large -stones at random, perhaps 
in search of food. They never crawl on dry surfaces and con¬ 
sequently .ire not found above the high-tide mark. When the 
tide rises, the environment is temporarily enlarged and con¬ 
sequently many submerged snails on more or less vertical surfaces 
by mere chance will crawl up higher. 
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The individuals which were previously left high and dry are 
already directed upward and hence follow the rising tide. Be¬ 
fore maximum high tide is reached, the unevenness of the surface 
along with the presence and absence of food scatter the snails 
at random because the rapidly rising tide soon submerges them 
and then there is no “specific directive force.” 

When the tide begins to fall some of the snails are already 
crawling downward and those that are not will be directed thus 
by the surface film. During a falling tide, some snails are 
crawling down beneath the surface, some with the surface, and 
some above the surface. As the tide falls lower and lower, 
many snails lag behind more and more until they are finally left 
on filmless surfaces under which conditions there is no specific 
directive force and such snails are left exposed. This lagging 
appears to be due to feeding, rough surfaces, rough sea, rapid 
fall of the tide and the more rapid desiccation on certain days. 
As a result of all thc.se factors the amount of oscillation varies 
from day to day. 

The snails on cither flat horizontal surfaces between the tidal 
marks or on any kind of a surface below the low-tide mark have 
no “specific directive force” and consequently do not exhibit 
oscillatory movements synchronous with the ocean tides. 

Summa RY. 

1. Litorina rudis , palliata and lilorca are found in definite 
zones. 

2. Individuals of Litorina lilorca , located on vertical surfaces 
between the tidal marks, exhibit oscillatory movements which 
correspond to those of the tides but they do not exhibit such 
movements when they are located either on flat horizontal sur¬ 
faces between the tidal marks or on any kind of a surface below 
the low-tide mark. 

3. 'The primary directive force for rhythmical movements is 
the surface film of water. The secondary directive forces are 
the* quiescent position of desiccated individuals, character of the 
surfaces, moisture and food. 

4. Litorina lilorca has no established rhythm in the absence 
of tidal changes. 


) 
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